This paper introduces two types of evaporative cooling air handling units and describes the overall dimension and performance parameters. Test data is collected and used to draw figures to show the relationship of the efficiency and pressure drop of the direct evaporative cooler with the water-drenching density, as well as figures about the performance of the fillers with different thicknesses and at different velocities. Moreover, discussions are also launched to calculate the numerical range of the primary-secondary air flow ratio, pressure drop and the water-drenching density for the indirect evaporative cooler, the air velocity, water-drenching density and pressure drop range suitable for fillers of different thicknesses, and for different kinds of indirect evaporative coolers.
INTRODUCTION
Evaporative cooling technology is a technique of producing cold-blast air or cold water in accordance with the principle of water evaporation and heat absorption. In recent years, more and more air-conditioning systems have been equipped with evaporative cooling air handling units in China. Therefore, the development and application effect of evaporative cooling air handling units have received great attention from many scholars and designers. We can achieve good energy-saving effects and environmental benefits, by fully exploiting the meteorological characteristics of different climatic zones to select and use appropriate evaporative cooling air-conditioning equipment. The evaporative cooling air handling unit is mainly used in the fresh air handling unit in the all-air evaporative cooling airconditioning system and air-vapor cooling air-conditioning system, and can also be applied to some ventilation systems generating high heat and focusing on cooling. For fillers with different thicknesses in the evaporative cooling air handling unit, this paper makes tests to identify their performance parameters including the pressure drop, pressure and efficiency and relationships between the parameters, analyze the outlet air temperature and rated cooling capacity of the evaporative cooling air handling unit in different cities, and figure out specific parameters for the evaporative cooling air handling unit.
INTRODUCTION TO THE UNIT STRUCTURE
The evaporative cooling air handling unit has a large overall dimension, so the space for the machine room should be arranged early in the engineering design procedure. Therefore, it is essential for the designer to gain specific information about the structural dimension, water demand and power distribution of the unit. Since the outlet air temperature of an evaporative cooling air handling unit changes along with the outdoor meteorological condition, the actual location of the unit should take into account when calculating the outlet air temperature and sensible heat cooling capacity of the unit at different air flow rates. Table 1 shows the specific performance parameters for the direct evaporative cooler, the indirect evaporative cooler and the indirect-direct evaporative cooler in with different air flow rates. In the existing evaporative cooling air handling unit, direct/indirect heat exchangers with an airflow rate of 3 000 m3/h and 5 000 m3/h are made into a modular structure. Therefore, the parameters of the unit in the airflow rate of 3 000 m3/h and 5 000 m3/h are given in the table. In the table, the rated cooling capacity is the cooling capacity of the unit when the temperature and humidity of the air entering the air-conditioning unit and the efficiency of the unit are assumed to be fixed. It refers to the rated sensible heat cooling capacity of the evaporative cooling air handling unit. To be specific, the inlet air dry-bulb temperature tg is taken as 33 °C; the inlet air wet-bulb temperature ts is 18 °C; the efficiency of the indirect evaporative cooler ηIEC is 65%; and the efficiency of the indirect evaporative cooler ηDEC is 90%. According to calculations based on the Formula (1), the inlet air temperature, efficiency and rated cooling capacity of the unit in various application areas are different, so the formula can provide a reference in the selection of the cooling unit type. And specific calculation results should be verified according to local meteorological conditions. Where Q is the rated cooling capacity, with a unit of kW; ρis the air density, with a unit of kg/m3; c is the specific heat at constant pressure, with a unit of kJ/(kg•°C); qm is the air flow rate, with a unit of m3/h; tg is the unit's inlet air drybulb temperature, with a unit of °C; to is the unit's outlet air temperature, with a unit of °C.
The evaporative cooling air handling unit has different outlet air temperatures, when applied in different regions. Therefore, in the design, we should clearly specify the efficiency that the equipment should get. After the installation at the engineering site is completed, it is essential to make on-site tests, test the unit's actual parameters at the air inlet and outlet, and control the parameters' errors within the value range that would not affect the application effect of the unit. To be specific, we should control the air leakage within the value range of ≤ 0.5% and the efficiency within the value range (-5%, + 5%) of the designed efficiency. In this paper, the outlet air temperature that direct evaporative cooling, indirect evaporative cooling and indirect-direct evaporative cooling air handling units with the assumed efficiency can reach based on the calculated outdoor temperature for summer air conditioning in various provinces and cities of China are calculated. It is assumed that the direct evaporative cooling air handling unit works with an efficiency of 90%; the indirect evaporative cooling air handling unit works with an efficiency of 65%. Table II lists the calculation results for some cities [1] .
PERFORMANCE PARAMETERS OF THE EVAPORATIVE COOLER Performance Parameters of the Direct Evaporative Cooler
The most central component of an evaporative cooling air handling unit can be seen as two heat exchangers: one for direct evaporative cooling and the other for indirect evaporative cooling. The direct evaporative cooler is mainly composed of fillers, a water pump, a nozzle and a water tank. The performance of the fillers can directly affect the performance of a direct evaporative cooler. Therefore, performance parameters for the direct evaporative cooler discussed in this paper mainly refer to the performance of fillers used in the cooler.
To evaluate the performance of the direct evaporative cooling section in a direct evaporative cooler or an evaporative cooling air handling unit, the actual efficiency of the section is the most intuitive indicator, and is also an issue with the central concern of the designer. Moreover, the setting of the water-drenching density and the selection of fillers for the direct evaporative cooler are made for providing materials and parameters to ensure the required efficiency, and all these are what some manufacturers are concerned about. In fact, the water-drenching density is directly related to the cooling efficiency of the direct evaporative cooler. If the water-drenching density is too small, we may fail to completely infiltrate the filler. As a result, the strong air flow would blow away the water film of the filler section, making the water film in some parts thin. Worse still, the excessive airflow rate may take away the small amount of the water-drenching volume in some parts, so "dry spots" would appear on the filler surface due to insufficient water. Owing to this, the heat flow density would be reduced, and water and air would have no way to make sufficient heat and moisture exchange, so the evaporative cooling efficiency would be lowered. If the water-drenching density is too large, water droplets would continuously form on the filler surface, and even block the air flow passage and increase the pressure drop when the air flows through the filler, making the airflow rate smaller and the heat and moisture exchange more incomplete. Selecting an appropriate water-drenching density for different types of fillers is of great importance. Figure 1 shows the relationship between the efficiency of different fillers and the water-drenching density at the face velocity of 2.0 m/s (Test Condition 1) in the filler section, and Figure 2 shows the same relationship at the face velocity of 3.0 m/s (Test Condition 2) in the filler section. From the comparison of the 2 figures, it can be seen that the efficiency of the same filler does not necessarily increase with the wind velocity, when the waterdrenching density is fixed. The efficiency of the aluminum foil filler ranges between 60% and 65%, when the wind velocity is 2.0 m/s and the water-drenching density ranges between 2 000 and 3 000 kg/ (m2·h). When the wind velocity increases to 3.0 m/s, the efficiency of the filler is lower than 60%. The filler's efficiency drops along with the increase in the air velocity. It indicates that in the face of a fixed waterdrenching density, a higher air velocity does not necessarily mean higher filler's efficiency. To be specific, a higher air velocity may cause a great heat-moisture exchange coefficient between the air and the filler surface, a shorter time of the heatmoisture exchange between the air and the filler surface and a insufficient exchange between them. A lower air velocity may bring a longer time of heat-moisture exchange between the air and the filler layer and a more sufficient exchange, but a smaller amount of air handled. If the wind velocity is too low, it would even prevent the air from passing through the filler layer and make the heat-moisture exchange impossible. This indicates that when the aluminum foil filler is used to handle air, an appropriate face velocity of air should be selected. An excessively high velocity would require the equipment to have a large size, while an excessively low velocity would cause a low efficiency and an obvious increase in pressure drop. Each waterdrenching density has its corresponding optimal air velocity, so it is essential to consider the ratio of air flow to water flow on the unit's outlet water temperature [7] . Figure 3 and Figure 4 show the relationship between the pressure drop of different fillers and the water-drenching density at the wind velocity of 2.0 m/sand 3.0 m/s, respectively. It can be seen that when the wind velocity increases from 2.0 m/s to 3.0 m/s, the pressure drop of the glass fiber filler and the stainless steel filler increases by about 200 Pa; the pressure drop of the aluminum foil filler increases by about 150 Pa; and the pressure drop of the plant fiber filler increases by 50 to 100 Pa; compared with the filler with a thickness of 300 mm, the filler with a thickness of 450 mm shows a greater increase in its pressure drop, along with the increase in the wind velocity. According to their pressure drop from higher to lower, the different filler types are sequenced in the line: the glass fiber filler-stainless steel filler-aluminum foil filler -plant fiber filler. If the efficiency and pressure drop are considered together, the efficiency of aluminum foil, stainless steel and plant fiber filler is relatively high at the wind velocity of 2.0 m/s; and the efficiency of the aluminum foil and stainless steel filler is relatively high at the wind velocity of 3.0 m/s. Although the plant fiber filler has a relatively low pressure drop, its efficiency (in test conditions instead of ideal conditions) is less than 80%; the glass fiber filler has a too large pressure drop under various working conditions, and its efficiency is less than 70% at the wind velocity of 2.0 m/s and is less than 80% at the wind velocity of 3.0 m/s. Therefore, comprehensive considerations should be made in the selection of appropriate fillers. The relationships between the efficiency and pressure drop of fillers with different thicknesses at the wind velocity of 2.0 m/s and 3.0 m/s are shown respectively in Figure 5 and Figure 6 . 
Performance Parameters of the Indirect Evaporative Cooler
In the indirect evaporative cooler, the primary air as the output air would not have contact with water. The primary air handling is a process of equal humiditybased cooling. The secondary air is mainly used as the working air to make heatmoisture exchanges with the water film formed in the water drenching on the secondary side, thus taking away the heat of the primary air to cool the primary air. Therefore the parameter setting of the secondary air is quite critical for the indirect evaporative cooler. Different regions vary in their flow ratio of secondary air to primary air. The ratio generally ranges from 0.5 to 0.75 in dry regions; the corresponding ratio generally ranges from 0.8 to 1.0 in moderately-humid regions; and the corresponding ratio should range from 1.0 to 1.5 in highly-humid regions, to achieve ideal effects.
For an air handling unit with an indirect evaporative cooling section, the secondary air can come from fresh outdoor air, or internal reflux air or air which has treated with cooling or dehumidification. The air inlet of the secondary air can be set separately on both sides of the unit. And the secondary air can also share the same inlet with the fresh air. However, in this case, the size of the fresh air inlet must be enlarged in the design of the unit, and the size should be determined according to the total air flows of the primary air and secondary air. When the unit is placed outdoors, sun-shading measures must be taken in the unit's air inlet, in order to guard against the secondary exhaust and primary air cutting-out. When the unit is placed indoors, an air system must be set specially for exhausting the secondary air exhaust outdoors, and the secondary air should be directly discharged to the machine room. The comprehensive parameters of the direct and indirect evaporative coolers are shown in Table 3 . 
Circulating Water Standards and Treatment
The relevant standards for evaporative cooling air handling units are being developed. And standards for circulating water used in evaporative cooling can be implemented in accordance with the relevant provisions in the national standard GB/T 29044-2012 "Water Quality Standards for Heating and Air Conditioning Systems", and the standards should also be approved by the "Design Code for Heating Ventilation and Air Conditioning of Civil Buildings" [8] [9] [10] .
CONCLUSIONS
This paper introduces the performance parameters of the evaporative cooling air handling unit, and the model, structure and dimension of the equipment. For the central components of the evaporative cooling air handling unit, test data is combined and based to draw figures to show the change of direct evaporative coolers' efficiency and pressure drop along with the change of the water-drenching density, as well figures to reveal the relationship between efficiency and pressure drop of fillers with different thicknesses and at different velocities. The primary-tosecondary air flow ratio of the indirect evaporative cooler in different cities, as well as the configuration parameters for the pressure drop and water-drenching density are also given in this research. This research is conducted with the objective of attracting more people to consider evaporative cooling, so that this energy-saving and environmental protection technology can be properly applied and greatly promoted.
